Oncidium 'Gower Ramsey' is a valuable and successful commercial orchid for the floriculture industry in Taiwan. However, no genome reference for entire sequences of the transcribed genes currently exists for Oncidium orchids, to facilitate the development of molecular biological studies and the breeding of these orchids. In this study, we generated Oncidium cDNA libraries for six different organs: leaves, pseudobulbs, young inflorescences, inflorescences, flower buds and mature flowers. We utilized 454-pyrosequencing technology to perform high-throughput deep sequencing of the Oncidium transcriptome, yielding >0.9 million reads with an average length of 328 bp, for a total of 301 million bases. De novo assembly of the sequences yielded 50,908 contig sequences with an average length of 493 bp from 796,463 reads and 120,219 singletons. The assembled sequences were annotated using BLAST, and a total of 12,757 and 13,931 unigene transcripts from the Arabidopsis and rice genomes were matched by TBLASTX, respectively. A Gene Ontology (GO) analysis of the annotated Oncidium contigs revealed that the majority of sequenced genes were associated with 'unknown molecular function', 'cellular process' and 'intracellular components'. Furthermore, a complete flowering-associated expressed sequence that included most of the genes in the photoperiod pathway and the 15 CONSTANS-LIKE (COL) homologs with the conserved CCT domain was obtained in this collection. These data revealed that the Oncidium expressed sequence tag (EST) database generated in this study has sufficient coverage to be used as a tool to investigate the flowering pathway and various other biological pathways in orchids. An OncidiumOrchidGenomeBase (OOGB) website has been constructed and is publicly available online
Introduction
The Orchidaceae is the largest and most widespread family of plants, with >25,000 species (Leitch et al. 2009 ). Oncidium is an economically important flowering genus within the Orchidaceae, and native Oncidium species are widespread in the tropical regions of the Americas, Mexico, Brazil and Bolivia (Hew 1989) . Oncidium 'Gower Ramsey' was imported from Thailand in 1976 and has become popular as a cut flower with growers in Taiwan (Chang and Lee 1999) . In the Oncidium life cycle, growth from protocorm-like bodies (PLBs) progresses in several stages, including the bud, plantlet, unsheathing and pseudobulb stages. After pseudobulb maturation, the Oncidium develops in one of two ways: flowering with an inflorescence or shooting without an inflorescence (Hew and Yong 1994) . Although Oncidium is a valuable floral genus, its flowering pathway is not clearly understood. The variation in environmental conditions, including light, temperature and hormones, might regulate the flowering time and flower quality in orchids (Lee and Lee 1993 , Gil and Zaidan 1996 , He et al. 1998 ). The rapid advances in our understanding of Arabidopsis flowering mechanisms have been applied to several agricultural plants, including apple (Kotoda et al. 2000 , Wada et al. 2002 , Kotoda and Wada 2005 , pea (Foucher et al. 2003) and Eucalyptus (Southerton et al. 1998) . Using homologs from model plants, similar studies have investigated floral transition and flower development in non-model plants.
In Arabidopsis, the promotion of flowering requires not only environmental stimuli but also regulation of development. Flowering genes such as CONSTANS (CO), Plant Cell Physiol. 52(9): 1532-1545 (2011) doi:10.1093/pcp/pcr101, available online at www.pcp.oxfordjournals.org ! The Author 2011. Published by Oxford University Press on behalf of Japanese Society of Plant Physiologists. All rights reserved. For permissions, please email: journals.permissions@oup.com CRYPTOCHROME2/FHA (CRY2), GIGANTEA (GI) and FLOWER-ING LOCUS T (FT) have been thought to be involved in the photoperiod flowering pathway in response to daylength, whereas FCA, LUMINIDEPENDENS (LD) and FLOWERING LOCUS D (FLD) have been thought to promote flowering via the autonomous flowering pathway (Koornneef et al. 1991 , Levy and Dean 1998 , Albani and Coupland 2010 , Amasino 2010 . Recent work on the Oncidium flowering pathway has focused on genes related to ascorbate and flowering time (Hou and Yang 2009, Shen and Yeh 2010) . The genetic network controlling flowering time in Oncidium may be as complicated as that of Arabidopsis. An emerging, useful genomic technique for gene discovery is large-scale sequencing via 454 Genome Sequencer (GS)-FLX pyrosequencing (Margulies et al. 2005) . A number of studies have developed expressed sequence tags (ESTs) for orchids (Tan et al. 2005 , Fu et al. 2011 ; however, no Oncidium entire sequences of the transcribed genes have been sequenced.
In this report, we describe the generation of >171,000 Oncidium non-redundant transcribed (unigene) sequences (50,908 contigs and 120,219 singletons) from six organs. The ESTs generated in the present study represent a significant addition to existing Oncidium functional genomics resources, which allowed us to assess differential expression and discover most of the flowering genes associated with the photoperiod pathway. In addition, these ESTs could also serve as a valuable tool for orchid gene cloning and functional analysis. These results will be useful for further study of the Oncidium flowering process or future molecular breeding.
Results

Generation and assembly of Oncidium EST sequences
In this study, we conducted a 454 GS-FLX sequencing run for EST libraries from each of the six Oncidium differential organs including leaves (LE), pseudobulbs (PB), young inflorescences (YI), inflorescences (I), flower bud (F) and mature flower (MF) (Fig. 1) . The inflorescences (I) and flower bud (F) organs were sequenced by the GS-FLX system. The sequencing run with leaves (LE), pseudobulb (PB), young inflorescences (YI) and mature flower (MF) was upgraded by the Titanium system. A total of approximately 920,196 raw reads were obtained, with about 100,000-200,000 reads from each organ ( Fig. 2 and Table 1 ).
The removal of low quality regions, adaptors and possible contamination (3,514 reads) resulted in a total of 916,682 reads for further analysis ( Fig. 2 and (average length: 267 bp) ( Table 2 ). The average length of contigs is 493 bp ( Table 2 ) and an N50 of 592 bp (i.e. 50% of the assembled bases were incorporated into contigs 592 bp or longer). The assembly produced a substantial number of large contigs; 4,125 contigs were >1,000 bp in length, and 13,109 contigs were >600 bp, although most contigs were between 200 and 300 bp in length (Fig. 3) . A search of the NCBI (National Center for Biotechnology Information) database, including known Arabidopsis and rice proteins, to identify different unique genes based on sequence similarity was performed (Fig. 2) . Based on the alignments, 44.8% (22,810) of the total contigs and 19.6% (23,591) of the singletons could be matched to 12,757 UniGene transcripts from Arabidopsis by TBLASTX (Table 3) . Similarly, 47.8% (24,343) of the total contigs and 22.2% (26,631) of the singletons could be matched to 13,931 UniGene transcripts from the rice genome (Table 3) . Thus, a total of >25,000 different unique genes matched to Arabidopsis and rice were identified.
Gene Ontology (GO) terms were assigned to the contigs and singletons using BLAST matches, based on sequence similarity with known Arabidopsis proteins in the NCBI database. Among the annotated best match for Arabidopsis, 12,757 different gene locus numbers were assigned in the biological processes, molecular functions and cellular components categories (Fig. 4) . These matches were further classified into different functional categories using a set of plant-specific GO slims, which are lists of GO terms that provide a broad overview of the content of the ontology. Fig. 4 shows the functional classification within each category of the Oncidium contigs that matched Arabidopsis genes. Cellular processes, metabolic processes and unknown biological processes were among the most highly represented groups in the biological process category (Fig. 4) . Unknown molecular functions and enzyme activity were the most common group in the molecular function category (Fig. 4) . In the cellular component category, most of matches were classified as intracellular components (Fig. 4) .
Identifying Oncidium flowering time-associated genes
To obtain data on Oncidium genes associated with flowering time, we mined our Oncidium EST database and identified Oncidium homologs using BLAST with published Arabidopsis sequences as template. As shown in Table 4 , photoreceptor genes, such as cryptochromes (CRY1 and CRY2) and photochromes (PHYA, B and C); circadian clock genes, such as CCA1, LHY, GI, TOC1, ELF3, ZTL and FKF1; floral pathway integrator genes related to CO, FT, SOC1 and TFL2; and chromatin-related genes (EMF2 and FIE) were all identified in our Oncidium EST database.
Elements of the Oncidium CONSTANS-like gene family
CO, the first B-box protein to be identified in Arabidopsis (Putterill et al. 1995 , Robson et al. 2001 , plays a central role in the photoperiodic control of the Arabidopsis flowering pathway. Unlike most flowering time-associated genes, CO-like family genes are found to have evolved rapidly by molecular evolutionary analyses (Lagercrantz and Axelsson 2000) . CO and the 16 CO-like proteins contain one or two B-box domains at the N-terminus and a CCT domain at the C-terminus (Ledger et al. 2001 , Robson et al. 2001 , and have been named AtCOL1-AtCOL16 in Arabidopsis. To demonstrate further the usefulness of the database of Oncidium ESTs generated by this study, we tried to identify homologs of the COL genes represented in this collection (i.e. those with an e-value <1e-10). As shown in Table 5 , 15 COL homologs were identified in Oncidium in our study. Most of the Oncidium COL genes have the conserved CCT domain (Fig. 5A) ; however, contig lengths are too short to align in B-box regions.
To examine further the relationship for these putative Oncidium COL homologs and COL genes in Arabidopsis and rice, the amino acid sequence alignment for seven putative Oncidium COL proteins (contigs 10986, 29582, 11902, 40495, 2498, 27367 and 713) shown in Fig. 5A and sequences for several other COL proteins were used to construct a phylogenetic tree for these COL genes (Fig. 5B) . These seven putative Oncidium COL proteins contained relatively long fragments and the conserved CCT domain (Fig. 5A) . In contrast, the other eight Oncidium COL proteins were discarded from this Number of genes Fig. 4 The number of Oncidium unigenes in the cellular components, molecular functions and biological processes ontologies. Oncidium unigenes were classified into different functional groups based on a set of plant-specific GO terms from the biological process ontology.
AtCO/AtCOL1/AtCOL2 of Arabidopsis (Fig. 5B) . These results are consistent with the data shown in Table 5 .
Comparative expression levels among tissues
It has been proposed that comparing the number of ESTs for a gene between different libraries or different genes in the same library can be a reliable indicator of relative gene expression (Audic and Claverie 1997) . To examine the relationship between specific EST number in the transcriptome and the corresponding gene expression level, we take Oncidium ABCDE functional MADS box genes involved in flower initiation and formation as an example for the differential expression index. In our Oncidium assembly transcriptome, contigs for all OMADS (OMADS1-OMADS11) were identified and most of OMADS genes were specifically expressed in flower and inflorescence (Table 6) , which is consistent with the data reported previously (Hsu and Yang 2002 , Hsu et al. 2003 , Chang et al. 2009 . Furthermore, we expect that in green vegetative leaves the most abundant transcripts can be associated with photosynthesis (such as Rubisco or Chl a/b-binding proteins). As shown in Table 7 , we found that the highly expressed genes in leaves are those related to photosynthesis and the carbon fixation pathway, whereas the highly expressed genes in pseudobulbs are cell wall scaffold-associated genes (BTB and TAZ domain protein 1 and the katanin gene). Thus, our data revealed that the Oncidium EST database generated in this study is sufficient to be used as a tool to investigate the comparative expression levels among tissues for some specific genes.
Searching the Oncidium database
The OOGB website (http://predictor.nchu.edu.tw/oogb/) is an online, publicly available database of Oncidium orchid EST sequences. The Oncidium EST database is implemented using MySQL. The web interface is implemented with PHP technology using Apache Server software. The database provides three services.
Annotator. This annotates contig and singleton sequences, using NCBI TBLASTX. The user can input an ID for a contig or singleton sequence in the database, or a keyword for searching for annotations (Fig. 6A) . Fig. 6B shows the results page, including the corresponding sequence, ID, the descriptions from TBLASTX hits having an e-value <1e-3 and information of the count number (or library-specific genes/expression) for this particular contig in each sublibrary.
BLAST. BLAST performs a sequence similarity search by NCBI BLAST+ 2.2.24 release. The service provides BLAST, TBLASTN and TBLASTX for the alignment between the user input sequence and an Oncidium singleton, contig and six sublibraries database (Fig. 6C) . Fig. 6D shows a sample search result, with sequences sorted by e-value, and the user can refer to the Annotator service using a hyperlink for further information.
Metabolic pathways. This shows the relationship between a contig or singleton from Oncidium and a collection of 124 Arabidopsis thaliana pathways from Kyoto Encyclopedia of Genes and Genomes (KEGG) (Kanehisa et al. 2004 ). The user can find pathways of biological interest by selecting contig, singleton or pathway items (Fig. 6E) . For example, glycolysis/gluconeogenesis are ubiquitous in cellular metabolism in plants. In our database, the user can find all the Arabisopsis genes and Oncidium homologs involved in the pathway which were chosen in the website (http://predictor.nchu.edu.tw/ oogb/atpathway) and the graphical diagrams for the reference metabolic pathway on the left. After choosing the target Oncidium contig or singleton, the hyperlink shows the annotation and sequence information including the sequence and contig comparative expression levels among six organ sublibraries ( Supplementary Fig. S1 ). The OOGB website not only showed the Oncidium sequenceing data but organized the sequences to be user friendly. Consequently, the establishment of the OOGB website will provide researchers with an Oncidium genetic resource for data mining and facilitate efficient experimental studies on research.
Discussion
The aims of this project were to generate a large amount of cDNA sequence data that would facilitate more detailed transcriptomic studies in Oncidium, and to identify the genes controlling the flowering time in Oncidium. The availability of transcriptomic data for Oncidium will meet the needs for the initial information for functional study of this species and its relatives. In this study, ESTs from six different Oncidium organs were sequenced using 454 GS-FLX sequencing, and an online database, named the OncidiumOrchidGenomeBase (OOGB) (http://predictor.nchu.edu.tw/oogb/), was constructed from the resulting Oncidium sequence data. In total, 916,682 raw reads averaging 329 bp in size and representing 301 Mbp of sequence were included in this database. From these raw reads, we were able to obtain a total of 50,908 contigs and 120,219 singleton sequences ( Table 2) .
To evaluate the transcriptomic complexity between Oncidium and model plants, we compared Oncidium assembled contigs and singletons with Arabidopsis and Oryza sativa RefSeq RNA databases by TBLASTX through the NCBI. Among these ESTs, 42% of the assembled contigs have significant hits with both Arabidopsis and Oryza genes; however, only 17.7% of singletons did so ( Table 3) . The reduced hit number reveals that singletons may correspond to non-overlapping sections of a transcript or to novel transcripts that are expressed at a very low level; alternatively they may just represent reads that include sequencing errors. Another observation is that Oncidium ESTs were mapped to more genes in the O. sativa database (13,931 out of total 28,392 genes, with a ratio of 49%) than in the Arabidopsis database (12,757 out of total 35,143 genes, with a ratio of 36.3%). According to this comparison, Oncidium could share more similar sequence complexity with O. sativa than with Arabidopsis, which is in agreement with the evolutionary viewpoint.
To assess the usefulness of the database of Oncidium ESTs generated in this study, the sequences of genes associated with the regulation of the flowering time, especially those in the photoperiod pathway, were used as bait for BLAST searches of the data on the OOGB website (http://predictor.nchu.edu. tw/oogb/). The results indicated that the sequences for almost all of the genes in the photoperiod pathway of flowering (Blazquez 2000) were represented and could be identified ( Table 4) . Photoperiod is an important factor regulating plant developmental processes, especially flowering (Sullivan and Deng 2003) . Photoreceptors are the tools a plant uses to sense the environmental change. Red/far-red light is detected by the phytochromes (PHYA-PHYE), and blue light is detected by the cryptochromes (CRYs) (Sharrock and Quail 1989 , Devlin et al. 1998 , Briggs and Huala 1999 , Devlin et al. 1999 . Homologous sequences for two cryptochormes (CRY1 and CRY2) and three photochromes (PHYA, PHYB and PHYC) were found in our database ( Table 4) .
The circadian clock provides a seasonal signal that adjusts plant development and regulates flowering time (Alabadí et al. 2001 , Devlin 2002 , Dodd et al. 2005 . In Arabidopsis, circadian oscillations are an endogenous mechanism controlled by a group of gene complexes that regulate transcriptionaltranslational negative feedback loops (Somers 1999 , Millar 2004 . The MYB genes, LHY and CCA1, are induced by light at dawn and repress TOC1 expression (Schaffer et al. 1998 , Strayer et al. 2000 . At dusk, LHY and CCA1 protein levels decrease, and the abundance of TOC1 RNA increases until the middle of the night (Mizoguchi et al. 2002) . ELF3 affects light input to the oscillator (McWatters et al. 2000 , Dixon et al. 2011 , and GI is another clock-associated protein known to regulate circadian oscillation and flowering time of Arabidopsis (Mizoguchi et al. 2005 , Locke et al. 2006 . It has been demonstrated that GI regulates circadian clock and flowering time by forming a complex with the GI/ZTL/FKF1/LKP2 proteins to control TOC1/PRR1 protein stability and CYCLING DOF FACTOR 1 (CDF1), a transcriptional repressor of CO (Kim et al. 2007 , Sawa et al. 2007 . Sequence homologs for the seven genes involved in regulation of the circadian clock described above (LHY, CCA1, TOC1, ELF3, GI, FKF1 and ZTL) could be found in our EST database (Table 4) .
In Arabidopsis, CO plays a central role in the photoperiodic control of the flowering pathway by activating the expression of SOC1 and FT, which integrate stimuli to promote floral initiation (Kardailsky et al. 1999 , Borner et al. 2000 , Moon et al. 2003 . In addition, the FT-FD protein complex regulates LFY by positively regulating SOC1 and promoting flowering (Weigel et al. 1992 , Abe et al. 2005 , Moon et al. 2005 . In this study, sequence homologs for four integrators within the flowering pathway (CO, FT, SOC1 and TFL2) were identified in our database (Tables 4, 5) . Furthermore, 15 Oncidium COL homologs containing the conserved CCT domain and two chromatin-related flowering time genes (EMF2 and FIE) were also identified in our study (Tables 4, 5) . Although we could not find any FD homologs in our collection of assembled contigs, we did find one singleton (GEK3IDC01AWZA0, identity = 62%), that had sequence similarity to an FD cDNA after running a BLAST search on our OOGB website (http:// predictor.nchu.edu.tw/oogb/).
Among 15 Oncidium COL contigs identified in this study, only seven contig sequences were of sufficient length (>300 bp), and with the conserved CCT domain were used to perform the phylogenetic analysis. These COL transcripts were classified into conserved COL subgroups as defined previously (Strayer et al. 2000 , Ledger et al. 2001 , Robson et al. 2001 , Griffiths et al. 2003 . Although another eight unclassified Oncidium COL contigs are either too short or lack 3 0 end sequence information for the conserved CCT domain, they still hit COL homologs in Arabidopsis and other species. Overall, through performing the database blast of the COL gene family, our Oncidium transcriptome presented an unbiased complexity. COL proteins belonging to different groups are expected to perform distinct biological roles, although only the role of CO in controlling flowering time has been studied in detail (Griffiths et al. 2003) . We hope that the identification of putative homologs of COL and other key genes involved in controlling the onset of flowering in Oncidium, as well as future studies on their expression patterns and on their interactive relationships, will enable the construction of molecular mechanisms that regulate the floral transition in Oncidium orchid.
Based on the high number of genes identified as belonging to the selected photoperiod flowering pathway ( Tables 4, 5 ) and the ABCDE MADS box functional genes (Table 6 ), our data revealed that the Oncidium EST database generated in this study has sufficient coverage of genes to be used as a tool to investigate not only circadian rhythm and flowering pathways but also other biological pathways such as flower development in orchids. Furthermore, the investigation of the read count for the contig of Oncidium MADS box genes (Table 6 ) revealed that the Oncidium EST database generated in this study is sufficient to be used as a tool to investigate the comparative expression levels among tissues for genes of interest.
In summary, the assembled transcriptomes in the present study provide a foundation for the molecular genetics and functional genomics required to modify the flowering quality and desirable agronomic traits of Oncidium. The OOGB website (http://predictor.nchu.edu.tw/oogb/) constructed in this study is an online, publicly available database of Oncidium orchid EST sequences. New data will be added frequently, based on new sequences or information. The Oncidium EST database is implemented using MySQL. The web interface is implemented with PHP technology using Apache Server software.
Materials and Methods
Plant materials and growth conditions
The wild-type orchid plants used in this study were O. Gower Ramsey, a hybrid (O. Goldiana Â O. Guinea Gold) introduced by Koh Keng Hoe in 1977 (Fitch 2004 , RHS Orchids 98, 1998 C with a 16 h period. The cDNA libraries were prepared from different tissues of the Oncidium vegetative and reproductive stages. The leaf samples were collected from a non-pseudobulb shoot and flowering Oncidium plant (Fig. 1A, B) . The pseudobulb samples were collected before and after plants developed an inflorescence (Fig. 1B, C) . The young inflorescence is the tissue that initiates the inflorescence at the base of the pseudobulb (Fig. 1B) . The flowers we used included the flower buds (sizes ranging from 3 mm at the F 1 stage to 6 mm at the F 4 stage) (Fig. 1D ) and the mature flower (Fig. 1E) .
cDNA preparation and 454 sequencing Samples were collected from six Oncidium organs, as shown in Fig. 1 . Total RNA was extracted from approximately 0.5 g of each tissue using the TRIzol reagent (Invitrogen). Individual mRNAs were purified from total RNA using the Oligotex mRNA Midi Kit (QIAGEN) and quantified using a NanoDrop TM 2000 spectrophotometer (Thermo Scientific). First-strand cDNA was synthesized using SuperScript II (Invitrogen) with oligo(dT) 15 -VNN as the template-primer, according to the manufacturer's protocol. Double-stranded cDNA was prepared from 2 ml of the first-strand reaction by PCR with the provided primers in a 100 ml reaction, using the SuperScript doublestranded cDNA synthesis kit (Invitrogen). The double-stranded cDNA was sequenced using a 454 GS-FLX instrument (Roche Applied Science). Preparation and sequencing of the sample and basic analytical processing, such as base calling, were performed according to the manufacturer's instructions at the Genome Research Center, National Yang-Ming University, Taiwan.
The assembly of overlapping reads into contigs was performed using the bioinformatics pipeline developed at the Genome Research Center, National Yang-Ming University, Taiwan as described bellow. The sequenced 454 reads were first filtered and trimmed for undetermined, low complexity bases, and poly(A) tails using the SeqClean (TIGR) script with default parameters, except that the cut-off for minimal valid length (Àl) was set to 20. cDNA assemblies were generated using the 454 GS De Novo Assembler (Roche) software (version 2.3) with these trimmed 454 reads under the cDNA mode. The assembling parameters for the 'seed step', 'seed length' and 'seed count' were set as 12, 16 and 1, respectively; the 'minimum overlap length' and 'minimum overlap identity' were set as 40 and 95; and the 'alignment identity score' and 'alignment different score' were set as 2 and À3 (see the GS-FLX system software manual part C, 2009, for a detailed description).
Gene annotation using GO terms
To find homologs of known genes, basic local alignment search tool (TBLASTX) searches (Altschul et al. 1997) with an e-value cut-off of 1e-3 were used to query contig and singleton sequences against the GenBank nonredundant (nr) database. The contig and singleton sequence were also mapped with the model plant, Arabidopsis, and rice RefSeq RNA with TBLASTX in NCBI. The contig sequences queried against the Arabidopsis and rice database retrieved best hits, and the GO accessions were mapped to GO terms in the molecular function, biological process and cellular component ontologies using the TAIR Gene Ontology tool (http://www.arabidopsis.org/tools/bulk/ go/index.jsp). The assembled and annotated sequences (>200 bp) have been deposited in the GenBank database (accession Nos. JL898334-JL943742). The complete set of sequences is available from the website (http://predictor .nchu.edu.tw/oogb/).
Searching the Oncidium EST database for homology to Arabidopsis genes associated with flowering time and MADS box genes Published plant gene sequences were used as the bait to retrieve homologs in the Oncidium EST database hosted by the OOGB website (http://predictor.nchu.edu.tw/oogb/). Sequences of Arabidopsis genes associated with flowering time and MADS box genes retrieved from the NCBI database (http://www.ncbi.nlm.nih.gov/) were compared with Oncidium clustered EST sequences using a combination of different BLAST algorithms with the BLOSUM62 scoring matrix and with a threshold of 1e less than À9 for positive hits.
Phylogenetic analysis of CONSTANS gene family homologs
The amino acid sequences of CO and COLs from Arabidopsis or rice were obtained from the NCBI server (http://www.ncbi.nlm .nih.gov/) database. To compare them with Oncidium putative COL genes, we used predicted peptide sequences of the CCT domains (and the B-box sequences when available) for alignment with AtCO and OsHd1 using ClustalW (http://clustalw .ddbj.nig.ac.jp/top-e.html; Thompson et al. 1994 ). Molecular phylogenetic analyses used the maximum likelihood (ML) method based on the JTT matrix-based model (Jones et al. 1992) . The bootstrap consensus tree was inferred from 1,000 replicates (Felsenstein et al. 1985) and branches corresponding to partitions reproduced in <50% bootstrap replicates are collapsed. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1,000 replicates) was shown next to the branches (Felsenstein et al. 1985) . Evolutionary analyses were conducted in MEGA5 (Tamura et al. 2011) . The phylogenetic analyses were built using the MEGA version 5.0 software (http://www. megasoftware.net/; Tamura et al. 2011) .
Supplementary data
Supplementary data are available at PCP online. 
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